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When Government drawings, specifications, or other data are used for any
purpose other than a definitely related Governaent procurement operation, the
Government thereby incurs no responsibility nor any obligation whatsoever.

, The fact that the Government may have formulated, or in any way supplied the

. said drawing, specifications, or other data, is not to be regarded by

. implication, or other-wise, as in any manner licensing the holder or any other

i person or corporation; or conveying any rights or permission to manufacture,

! use, or sell any patented invention that may in any way be related thereto.

'.: The mention of trade names or commercial products in this publication is for ‘
& illustration purposes and does not constitute endorsement or recommendation ANALA
3 for use by the United States Air Force. o
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! Do not return this copy. Retain or destroy. \
f' Air Force installations may direct requests for copies of this report to: e
. USAF Occupational and Environmental Health Laboratory (USAFCEHL) Library, :-{‘_.é:
2 Brooks AFB TX 73235-5501. RN
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I. DITRODUCT1ON ,**.5
' ARG
USAF Hospital Loring/SGPB requested an efficiency study of the alum Cadsly
addition process in a 30 Jan 86 letter indorsed by HQ SAC/SGPB. The aurvey 'fj,‘)..
was conducted from 24-26 June 86 by Major Robert D. Binovi and A1C Roberto - - 8§
Rolon, USAF Occupational and Environmental Health Laboratory, Environmental Lot
Quality Branch. Dttt
. 23
X
R
I1. BACKGROUMD Al il
R

; Loring AFB is located on the northeastern tip of the State of Maine within

‘ a few miles of tre Canadian border. Located in Aroostook County, within the
town limits of Limestone, Maine, Loring AFB is the home of the 42nd Bombard-
ment Wing. Base population is nearly 13,000,

o'l e 4]
o ARy g
I

The primary source of drinking water for the base is the Little Madawaska S

;:P
!

¥ River. An impoundment dam and water plant were built in 1953, The river :?_.-: N
; could support the withdrawal of 10 million gallons per day (MGD). The plant .:}':’;"
g capacity is about 2 MGD. Water is collected, flocculated with alum and :.,J'.,:

PN

i polymer, and passed through a rapid sand filter. The water is fluoridated,
' chlorinated, and pumped to the base, about five miles away.

Py | (A
» d 39"

y Although designed for alum addition, alum had been discontinued during the L3S
) 1970s in favor of prechlorination, polymer addition, and precoating the sand .‘{;’;
filters. Prechlorination of the colored surface water provided the ideal s
conditions for the formation of trihalomethanes (THM). Chlorine also had N o
caused corrosion in the flocculation basin ultimately stopping the paddles A
from turning. »
S
With the advent of routine THM testing and the discovery of high THM :}.’ ‘.'4':
concentrations at certain times of the year, prechlorination was discontinued, iioded,
, and alum and a polymer coagulant aid addition capability was installed. EE& '-
; Liquid alum and polymer are injected into the discharge side of the main ',, >
N pumps, and are mixed by the turbulence in the pipes. Flocculation occurs as NS
' the mixture passes through the obstructions (baffles, paddles) in the first .\j:;-}'\
¢ flocculation chamber. The floc settles in the second chamber or is filtered :-u?:
out by the sand filters. :*f-};:
o) \
III. PROCEDURES e
N
A. Jar testing was performed using two Phipps Bird apparatus, Hach 1100 'r' .::
turbidity meter, and an Orion pH meter. The jar test is a test designed to b vV,
simulate the operation of the rapid mix, flocculation action of the paddles, [
and quiescent settling. Procedures for conducting jar testing are flexible ;
' and a procedure used by waterplant personnel, based on the plant configura- _::,
! tion, was adopted. This procedure is as follows: PR,
h Y
o
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1. F1ll six jars from a large container (>10 gals) with 1000 mL of
untreated raw water, allow for one control, five jars with varying concen-
trations of coagulant.

2. Add coagulants to 1000 mLs and rapid mix at 40 rpm for 10 minutes.

3. Slow the apparatus to 13 rpa for 15 minutes to form floc.
4., Turn stirrers off, allow the floc to settle for 15 minutes.
5. Record temperature, pH, and turbidity.

The alum, chemical formulation, A12(SO.).18H.0, was obtained from
Mallinckrodt Chemical Co. The polymer, Nalco 8100, was obtained from the
water plant's supply.

B. A survey was conducted in a flocculation basin which had been drained
for maintenance. The survey involved inspection and measurement of the
chamber, paddles, and baffles.

IV. RESULTS AND DISCUSSIONS
A. Flocculation and Mixing Efficiency

1. The results of calculations made from the measurements in the
flocculation basin indicate the long residence time of the water in the basin
(>2 hrs) causes the basin to be effective for flocculation during the summer
and marginally effective during the winter, without revolving flocculation
paddles. The value of Gt, the dimensionless measure of conjunction
opportunity, is 16,300 for winter (32°F), and 20,700 for summer (70°F).

The conjunction opportunity, Gt, is the product of the velocity gradient,
G (sec EXP-1) and the residence time, T (sec). (1)

Gt = GT

The velocity gradient, G, is the square root of the work, W, and the dynamic
viscosity, u.

G=(W/u) EXp-2

and W in this case is equal to the useful power input, P, divided by the
volume of the tank.

W= (P/V)

Flocculation basins that operate without rotating paddles can be said to
function like baffled channel basins. For baffled channel basins, P is equal
to the product of the rate of flow, Q, the weight density of water, pg, and
the headloss, h, through the structure,

2
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4 AL
; ! 5,
& Headloss, h for baffles in turbulent flow can be computed by: (3) '.::
. -
5 h=2n(vEXP2/ 2 ge) ‘é"c‘-
L ‘(
4‘ ) where n is the number of baffles in series, v is the velocity through the : '
¢ baffle opening, and gc is a dimensional gravitational constant, “ :
ot K
Total headloss in the flocculation basin totaling the headloss due to the two r_
* baffle walls, the paddles, and the water course turn, was found to be 0.02 ‘.j.:_,.

feet. ‘ s
. \ :\ 3
The useful power input P was calculated to be equal to ¥.30 foot pounds/sec. \ ’jf\
The G values for 32°F and TO°F were 2.04 and 2.6, respectively, e

The alum and polymeric coagulants are injected into the discharge side of the ::Z
1550 gpm intake pumps, driven by 7.5 horsepower motors. Good mixing is < ]

provided by this system, as G values for 32°F and T0°F were calculated at 1200 :‘,
and 1500 sec EXP-1. FASRY;
B. Jar Testing - Coagulation Efficiency Study j‘:
.J_'s.-.:-

The results of the jar testing are shown in Table 1, and summarized -‘_’.:' %
graphically in Figure 1. e

V. ORSERVATIONS AND CONCLUSIONS -$:

- )

A. The river level was unusually low fros lack of precipitation during ;:}

the winter and spring. River turbidity was higher than normal. Water quality f:f:
dropped significantly. The base drinking water had a distinctive "humic® LYY

taste. : -

_ St
B. Generally, the water plant operators were operating the plant within f-’“
the optimum coagulant dosages shown by the jar tests. Efficient turbidity e
reduction was shown to take place with polymer dosage reduced by a factor of ool

ten. The optimum dosage obaerved for the period of the survey was from 50-75 DA
mg/L alum and 0.3 mg/L polymer. DA

- 'Jl\.‘
C. Flocculation occurs when Gt values are in the range of 10,000-100,000. {27:_.\
Norsal ranges of G in flocculation basins are 10-75 sec-1. (4) Calculated Gts NN

at the water plant (16,300, 20,700) indicated that floc forms because of the oA

long residence time in the flocculation basin (133 min) despite the low values e

of G (2.0, 2.6). The flocculation basins are functioning like baffled channel E,

basins, however, there 1s insufficient baffling. Better floc formation W
(larger, heavier) would result if the flocculation paddles were repaired, AN
since G would be increased well into the design range, Y e
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D. Mixers normally operate at G values between 300-1000 sec EXP-1. The
pump turdulence mixes polymer and coagulant well, according to the G
calculation indicating velocity gradients of 1200 and 1500 sec EXP-1 resulted,

VI. RECOMMENDATIONS

A. The base biocenvironmental engineer in cooperation with water plant
personnel should monitor coagulant addition by performing monthly jar testing,
monitoring turbidity, pH, and temperature, while varying alum and polymer
dosage. This will help determine the effect of seasonal variation on cheamical
dosage "and optimize chemical dosage.

B. Repalir the flocculation paddles. Repairing the flocculation paddles
would enable larger floc to form, resulting in more efficlient use of
coagulant, better treatment, and better quality water.

C. To alleviate the taste problem associated with organics from the
river, and reduce the susceptibility of the base to loss of the water systea
from hazardous materials dumped into the river, a feasibility study for
developing a well fleld close to the water plant should be conducted. A
contractor could estimate by various means, (well log review, seismic survey,
test boring) the yleld of the aquifer and the quality of the water.

D, If the results of the survey are favorable, a well or wells could be
developed, from which water can be pumped i{nto the plant. The groundwater
could be mixed with surface water after the sand filters, chlorinated and
distributed. One would expect water drawn from the limestone formations said
to underlie Loring to be hard (>100 mg/L CaCOs) and could be mixed with the
soft (50 mg/L CaCOs) river water to produce an acceptably soft product.
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Tadble 1
Jar Testing Results
Date: 24 June 86

P

|

|

|

]

| Total Alkalinity: 51 mg/L
‘ .

)

)

Temp: TOCF

Initial pH: 7.22

Trial 1:

Alum (mg/L) Polymer (mg/L) Final pH Turbidity (NTU) S‘rurb.v Removal
x 0 0 7.13 12.0 ~--
y 10 0.30 6.91 12.0 0.0
i 2 0.3 6.59 3.0 75.0
| 50 0.3 6.22 3.0 75.0
‘ 75 0.3 5.75 8,2 65.0
' 100 0.3 §.98 2.5 79.2
: Trial 2:
i 0 0.0 6.98 12.0 ===
: 10 3.0 6.75 3. 1.7
. 25 3.0 6.55 N5 62.5
; 50 3.0 6.06 1.6 86.6
: 75 3.0 5.63 1.3 89.2
i 100 3.0 N 91 8.5 62.5
; Date: 25 June 86
. Teap: 69°F
3 Total Alkalinity: 50 mg/L
. Initial pH: 7.02
i Trial 1:
N Alum (mg/L) Polymer(mg/L) Final pH Turb. (NTU) TSS (mg/L) $Turb. Removal
' _ ;
: 0 0.3 8.35 9.5 0.4 -
' 10 0.3 6.84 13.0 0.4 -36.8
' 25 0.3 6.78 14.0 0.7 -AT.&
. 50 0.3 6.65 3.0 0.4 68.4
" 5 0.3 6.31 1.3 0.3 86.3
F 100 0.3 5.84 3.2 0.4 66.3
i Trial 2:
: 0 0.03 7.78 8.2 0.8 -
: 10 0.03 7.56 11.0. 0.9 S LA
N 25 0.03 7.26 16.0 1.6 -95.1
\ 50 0.03 6.83 2.5 0.4 69.5
' 75 0.03 6.0 1.6 0.4 80.5
: 100 0.03 5.97 3.5 0.0 57.3
: , , ; A !
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8 ’ Date: 25 June 86
; Temp: 70°F
" Total Alkalinity: 25 mg/L
i Initial pH: 6.45
K Alum (mg/L) Polymer (mg/L) Final pH Turbidity
: 0 0.0 6.45 17.0
A 10 0.3 6.32 5.7
g 25 0.3 6.09 6.0
. 50 0:3 5.49 5.9
o 75 0.3 5.03 6.8
i 100 0.3 4.00 8.4
1 Date: 25 June 86
Temp: TO°F
Total Alkalinity: U7 mg/L
3 Initial pH: 7.35
: Alum (mg/L) Polymer (mg/L) Final pH Turbidity
s 0 0.0 T.39 17.0
10 0.3 T.21 5.9
3 25 0.3 6.96 T.4
1 50 0.3 6.55 1.3
. 75 0.3 6.21 5.0
: 100 0.3 5.72 5.T
Date: 26 June 86
Teap: 68°F
Total Alkalinity: 47 mg/L
[\ Total Hardness: 75
Trial 1:
3 Alum (mg/L) Polymer (mg/L) Final pH  Turbidity
< 0 0.0 7.83 3.0
5 10 0.3 7.52 4.0
- 25 0.3 7.15 4
. 50 0.3 6.70 1.5
N 5 0.3 6.36 1.0
3 100 0.3 5.95 1.7
N Trial 2:
; 0 0.0 7.48 3.1
b 10 0.3 7.1 3.5
' 25 0.3 7.06 6.8
v 50 0.3 6.63 1.3
. 75 0.3 6.26 1.1
100 0.3 5.70 2.8
!
. 6

Y -

a2 ST A N B i " K "Ll e iy

(NTU)

(NTU)

(NTU)

% Turdb. Removal

66.4
64,7
T71.2
60.0
50.6

% Turb. Removal

6503
56.5
92.4
76.5
66.5

% Turb. Removal

LI
~56.6
50.0
66.6
83.3

-52.2
-195.6
83.5
52.2
=21.7
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